Resource-sharing between spatial and temporal processing was investigated using dual task methodology to construct performance operating characteristics. Spatial tasks involved discrimination of line length and temporal tasks involved discrimination of duration. Preliminary results suggest that a tradeoff occurs within the easier task of the two difficulty levels, but that a simple tradeoff is not observed at the more difficult level. This pattern of results suggests that the relationship between spatial and temporal perception varies according to difficulty level. That is, the degree to which the processes share common capacities varies as a function of the metrical characteristics of stimuli to be processed.
INTRODUCTION
have argued that performance tasks which face the operators are the proximal sources of stress. They articulated two general dimensions along which tasks vary, these being information structure and information rate. Information structure refers to task elements that are often represented spatially, while information rate predominately refers to the temporal characteristics of the task. According to Hancock and Warm (1989) , one way operators cope with these demands is by narrowing their attention to specific environmental cues (Easterbrook, 1959) . Hancock and Weaver (in press) argued that the narrowing of attention, which has been associated with distortions of spatial perception (Easterbrook, 1959) , also produces distortion along the temporal dimension. Thus, distortion of space and time may share a common mechanism, and this may result from a common resource capacity for processing spatial and temporal information.
This study examined this possibility by constructing performance operating characteristics (POCs) using a dual task methodology (Navon & Gopher, 1979) . If these two processes draw upon common resource capacities, a tradeoff in performance should be observed as attention is allocated to either task.
EXPERIMENTAL METHOD Experimental Participants
Six students, three females and three males, enrolled at the University of Central Florida, served as participants in order to receive a financial reimbursement. They ranged in age from 18 to 24 years, with a mean age of 20. All participants completed a set of ten experimental conditions consisting of various attentional allocation strategies and difficulty levels. A total of four days of participation were required, all of which were completed within a span of one week.
Experimental Stimuli
All participants engaged in spatial and temporal line discrimination tasks. In the spatial discrimination task, participants differentiated between vertical lines which were either short (32 mm) or tall (35 mm in the easy version and 33 mm in the difficult version). In the temporal discrimination task, they were required to differentiate between lines presented at either a short (300 ms) or long (450 ms in the easy version and 360 ms in the difficult version) duration. All lines were presented on a computer monitor.
There were a total of ten experimental conditions which reflected five attentional allocation strategies for two difficulty levels. Participants were asked to allocate a relative proportion of their attention to each dimension. For each level of difficulty, there were two baseline conditions in which only one of the dimensions was assessed: a 100% Spatial/0% Temporal Baseline condition and a 100% Temporal/0% Spatial Baseline condition. Thus, in these baseline conditions, the participants were instructed to allocate 100% of their attention to one of the dimensions while completely disregarding the other dimension. There were also three dual task conditions for each difficulty level: 90% Spatial/10% Temporal, 90% Temporal/10% Spatial, and 50%Spatial/50% Temporal. Each condition consisted of 480 trials; thus 480 lines were presented in each condition. The large number of trials was necessary to obtain stable signal detection theory estimates (Green & Swets, 1966) . Data for each participant was collected in four two-hour sessions over four days.
Pilot testing was completed in order to achieve psychophysical equivalency both the spatial and temporal tasks in terms of difficulty. Participants completed the two computerized discrimination tasks involving a two-alternative forced choice procedure. These two tasks were either spatial or temporal in nature. Lines of different heights and presentation times were presented in pairs, and participants indicated which line was either taller or presented for a longer duration.
Procedure
Participants began with a practice session consisting of two-alternative forced choice tasks, which were similar to the tasks used in the pilot testing. Upon completing practice sessions, participants completed the line length and duration discrimination conditions.
The first day of testing consisted of four conditions: an easy and difficult version of both the spatial and temporal baseline conditions. In the 100% Spatial/0% Temporal Baseline condition, participants were instructed to ignore changes in duration and instead devote all of their attention to monitoring the height of the lines. After each line was presented, a screen appeared asking participants to indicate the height of each line. Participants responded using a four-point confidence rating whereby they pressed the 1 key on the keyboard if the line was definitely short in height, the 2 key if the line was possibly short in height, the 3 key if the line was possibly tall in height, the 4 key if the line was definitely tall in height. Thus, participants were asked to indicate the confidence with which they felt each line was short or tall in height.
The 100% Temporal/0% Spatial Baseline condition followed the same format as the Spatial Baseline, except participants were instructed to ignore changes in the heights of the lines and instead devote all of their attention to monitoring the presentation times. A similar four-point confidence rating scale was used.
All four baseline conditions were administered on the first day. The administration orders of all four conditions were counterbalanced between participants.
The second, third, and fourth days consisted of the easy and difficult versions of one of the dual-task attentional allocation strategies: 90% Spatial/10% Temporal, 90% Temporal/10% Spatial, and 50%Spatial/50% Temporal. The administration orders of all three conditions were counterbalanced between participants. In the dual task conditions, a line was presented and two screens appeared, one after the other and in random order, asking the participant for confidence ratings in either time or height. Thus, each line was rated for both time and height by the participants on each trial. There was a spatial and temporal rating for each presentation of the line stimulus.
RESULTS
Sensitivity scores for each task were computed separately for each participant from the performance operating characteristic (POC) curves derived from the ratings data using maximum likelihood procedures described by MacMillan and Creelman (1991) . This technique permits statistical analysis of differences between conditions based on a large number of trials per condition. Figure 1 depicts the POCs of average perceptual sensitivity in the spatial task as a function of average perceptual sensitivity in the temporal task. Figures 2 through 7 depict perceptual sensitivity in the spatial task as a function of perceptual sensitivity in the temporal task for each of the six participants.
Spatial and temporal baseline conditions were assessed for each participant. In the easy condition, the baselines were significantly different for participant 2, p<.0001, participant 4, p<.005, participant 5, p<.0001, and participant 6, p<.01.
Baseline performance in the easy condition were statistically equivalent for participants 1 and 3, (p<.05). In the difficult condition, baseline scores were significantly different for participant 2, p<.0001 and participant 4, p<.05. Baseline scores in the difficult condition were statistically equivalent for participants 1, 3, 5, and 6 (p>.05).
Results suggest that a tradeoff occurs within the easier task of the two difficulty levels, but that a simple tradeoff is not observed at the more difficult level. This pattern of results suggests that the relationship between spatial and temporal perception varies according to difficulty level. That is, the degree to which the processes share common capacities may vary as a function of the range of durations and/or heights to be discriminated. Indeed, prior research in the intensity of auditory signals has indicated that the range of stimulus values employed can influence detection performance (Braida & Durlach, 1972) .
In general, many of the subjects exhibited a degree of tradeoff in performance in the dual task conditions. However, as shown by some of the POC graphs, performance on one dimension was often facilitated by the concurrent performance of the other dimension. Yet, this trend was evident in only a few of the participants; this indicates the role of individual differences in time-sharing, dual task performance, and spatiotemporal ability. 
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Figure 7. POC for Participant 6
DISCUSSION
Inspection of the POC curve based upon data averaged across the participants suggests a partial tradeoff, in which the spatial task is more vulnerable to the attention allocation manipulation than the temporal task. That is, sacrificing attention to the spatial task in favor of the temporal task does not improve beyond the 50/50 condition, evident from the small change in performance on the temporal task from the baseline to the 90% Temporal to 50% Temporal conditions (see Figure 1) . Following Navon and Gopher (1979) , the shape of the POC curve (easy condition) based on averaged data indicates that the spatial task draws on resource capacities shared with the temporal task, but the latter task also draws on a separate resource pool that is independent of the spatial dimension.
Note that these effects do not imply that the temporal dimension utilizes processing capacities that are independent of other perceptual domains. Although there is some nonoverlap in resource utilization between the spatial and the temporal dimensions, prior research has indicated that processing of temporal information does share resource capacities with processing luminance information (see Grondin & Macar, 1992) .
The above interpretation of the results of this study, based on averaged data, masks the large differences between participants in performance and in the shape of the POC. Inspection of the data for each individual participant indicates that the averaged data masks vast individual differences in overall performance and in ability to effectively allocate attention. In one case (participant 2) performance on the spatial task far exceeded that on the temporal task, while another participant (participant 3) was unable to perform either task very well. For the difficult condition, a tradeoff between tasks was observed for only one participant (#1), while for the easy condition tradeoffs were observed for three of the observers (participants 1, 4, and 6). Taken at face value, these results suggest that the degree of resource overlap between the spatial and temporal discrimination tasks depends on both the difficulty level of the task and the individual engaged in the task. There is also a potential for a gender effect, since two of the observers whose data showed the most consistent data were women (participants 1 and 4).
It is also important to note that baseline performance for the two tasks (i.e., performance of the spatial task and the temporal task under single task conditions) were equivalent only for the difficult conditions for participants 1 3, 5, and 6, and in the case of the latter three participants the baseline performances were not significantly different from performance in the dual task conditions. Thus, in the easy conditions (participants 2, 4, 5, and 6) and in the difficult conditions for participants 2 and 4, the baseline sensitivity scores were significantly different in spite of the fact that the discriminations were psychophysically equated under alerted conditions. Thus, the equivalency of discriminations may also depend upon characteristics of individual observers and how they respond to different levels of task difficulty.
A central question therefore is what observer characteristics are most important in determining dual task performance and the subsequent shape of POCs. At least four individual differences variables may have influenced the results of the current experiment: 1) Time sharing ability, 2) Ability to consciously control one's allocation of attention (c.f., Derryberry & Reed, 2001 ), 3) Ability to do spatial discrimination, and 4) Ability to do temporal discrimination. It is most likely that individual differences relating to taskspecific characteristics drive differences among participants, since prior research has indicated that there is limited evidence for a general time sharing ability factor ( e.g., Wickens, Mountford, & Scheriner, 1981) .
Efforts are currently underway to identify those specific individual differences that relate to processing spatial and visual information of the kind examined in this study. Based on the findings of this experiment, an individual differences approach to POC studies seems crucial to understanding the effects of manipulation of attention allocation and task difficulty. 
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